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7KHUHSURGXFLELOLW\RIWKHPDQGLEXODUDUFRIFORVXUHLQWKHDUWLFXODWRULVFULWLFDOLQSURVWKRGRQWLFV6LQFHWKHDUWLFXODWLQJ SDSHULV
QRWDUHOLDEOHLQGLFDWRUIRUWKHRFFOXVDOFRQWDFWVWLPH VHTXHQFLQJVRPHFRPSXWHUL]HGV\VWHPVDUHSURSRVHGWREHPRUHHIIHFWLYH
IRU WKLV SXUSRVH7KH DLP RI WKLV VWXG\ZDV WR DVVHVV WKH UHSURGXFLELOLW\ RI WKHPDQGLEXODU DUF RI FORVXUH LQ YDULRXV W\SHV RI
DUWLFXODWRUVXVLQJWKH76FDQ,,,V\VWHP7KHUHVXOWVVKRZHGWKDWWKHILUVWRFFOXVDOFRQWDFWLQPRXWKLVFORVHWRWKRVHREVHUYHGLQ
WKHQRQDUFRQDUWLFXODWRU7ZRPDLQFRQFOXVLRQVRIWKHSUHVHQWVWXG\DUHSRLQWHGRXWDERWKDUFRQDQGQRQDUFRQDUWLFXODWRUV
DUH XVHIXO GHYLFHV WR GLPLQLVK WKH QHHG IRU RFFOXVDO DGMXVWPHQWV LQ SURVWKRGRQWLFV E WKH 76FDQ ,,, FRPSXWHUL]HG RFFOXVDO
DQDO\VLVV\VWHPLVQRWRQO\DSRZHUIXOGLDJQRVWLFWRRODQGDQDFFXUDWHZD\WRG\QDPLFDOO\PHDVXUHRFFOXVLRQLQYLYREXWDOVR DQ
DSSURSULDWHGHYLFHIRUH[SHULPHQWDORFFOXVDOVWXGLHV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´ 8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV 76FDQ,,,ILUVWRFFOXVDOFRQWDFWPDQGLEXODUDUFRIFORVXUH DUWLFXODWRUV
 ,QWURGXFWLRQ
7KH UHSURGXFLELOLW\ RI WKHPDQGLEXODU UHWUXGHG SRVLWLRQ DQG LWV DUF RI FORVXUH LQ WKH DUWLFXODWRU LV DQ HVVHQWLDO
FRQGLWLRQ WR DFKLHYH SURSHU UHVWRUDWLRQV LQ ERWK IL[HG DQG UHPRYDEOH SURVWKRGRQWLFV 1HYHUWKHOHVV VRPH DXWKRUV
GHPRQVWUDWHGWKDWWKHUHJLVWUDWLRQVFDQEHLQIOXHQFHGE\WKHPDQQHUWKHPDQGLEOHLVJXLGHGLQLWVUHWUXGHGSRVLWLRQ
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7KHUH DUH IHZ GDWD LQ WKH OLWHUDWXUH RQ WKH DFFXUDF\ YDOLGLW\ DQG UHSURGXFLELOLW\ RI WKH PRXQWLQJV LQ WKH
DUWLFXODWRU7KHHDUO\ZRUNVFRQFHUQLQJWKLVWRSLFFRQFOXGHGWKDWLQIDFWWKHDUWLFXODWRULVQRWDODOODJRRGVLPXODWRU
RIPDQGLEXODUPRYHPHQWV>@,QRWKHUVWXG\-DQVRQVWDWHGWKDWWKHUHSURGXFLELOLW\RIWKHRFFOXVDOFRQWDFWVFRXOGEH
REVHUYHGUDWKHU LQWKHDUWLFXODWRUWKDQLQSDWLHQW>@ 'RV6DQWRVDQG$VK>@DVZHOODV+DWDQRHWDO>@SUHVHQWHG
VWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHPDQGLEXODUPRYHPHQWVUHFRUGLQJVJHQHUDWHGE\DUWLFXODWRUVDQGWKH
SDQWKRJUDSKLFWUDFHV,QRWKHUVWXG\FDUULHGRXWWRDVVHVVWKHUHSURGXFLELOLW\RIWKHLQWHUFRQG\ODUD[LVLQYDULRXVW\SHV
RIDUWLFXODWRUVWKHDXWKRUVFRQFOXGHGWKDWQRRQHRIWKHDUWLFXODWRUVLVH[DFWDQGQRRQHRIWKHNQRZQDUWLFXODWRUVFDQ
EHFRQVLGHUHGWKHGXSOLFDWHRIDQRWKHU>@
7KH DUWLFXODWLQJ SDSHU PDUNV DUH XVXDOO\ WKH PHDQV WR ORFDWH WKH ILUVW RFFOXVDO FRQWDFW RFFXUUHG GXULQJ WKH
PDQGLEXODUFORVXUHEXWWKHUHDUHHYLGHQFHVWKDWWKHDUWLFXODWLQJSDSHULVQRWDUHOLDEOHLQGLFDWRUQHLWKHUIRURFFOXVDO
FRQWDFW IRUFH QRU IRU RFFOXVDO FRQWDFWV WLPH VHTXHQFLQJ VRPH FRPSXWHUL]HG V\VWHPV EHLQJ PRUH HIIHFWLYH >
@ 7KHSOD\EDFNRIWKHUHFRUGLQJVSURYLGHGE\VXFKRIV\VWHPVFDQUHYHDOWKHORFDWLRQ WKHWLPHGXUDWLRQDQG
WKHIRUFHFRQWHQWRIWKHILUVWRFFOXVDOFRQWDFW
7KHDLPRIWKLVVWXG\ZDVWRDVVHVVWKHUHSURGXFLELOLW\RIWKHPDQGLEXODUDUFRIFORVXUHRISDWLHQWYHUVXVYDULRXV
W\SHVRIDUWLFXODWRUVXVLQJDFRPSXWHUL]HGRFFOXVDODQDO\VLVV\VWHP
 0DWHULDODQGPHWKRG
:H WRRN DOJLQDWH LPSUHVVLRQV IURP D  \HDUV ROG YROXQWHHU SDWLHQW ZLWKRXW VLJQV RU V\PSWRPV RI
FUDQLRPDQGLEXODUGLVRUGHU7KHQZHIDEULFDWHGWKUHHPD[LOODU\DQGPDQGLEXODUKDUGVWRQHPRGHOVLQRUGHUWRPRXQW
WKHPLQWKUHHW\SHVRIDUWLFXODWRUVDVLPSOHKLQJHD[LVRFFOXGDWRUDVHPLDGMXVWDEOH:KLS0L[DUFRQDUWLFXODWRUDQG
DVHPLDGMXVWDEOH'HQWDWXVQRQDUFRQDUWLFXODWRUILJ$SSURSULDWHIDFHERZVZHUHXVHGWRPRXQWWKHPD[LOODU\
PRGHOV LQ WKH VHPL DGMXVWDEOH DUWLFXODWRUV7KH UHJLVWUDWLRQRI WKH ILUVW RFFOXVDO FRQWDFW ORFDWLRQ DSSHDUHGERWK LQ
SDWLHQW DQG DUWLFXODWRUV  DUF RI FORVXUH LQ WKH UHWUXGHG SRVLWLRQ ZDV SHUIRUPHG XVLQJ WKH 76FDQ ,,,
7HN6FDQ,QGXVWULHVGHYLFHILJ
7KLV V\VWHP LV FRPSRVHG RI D FRPSXWHUZLWK D VSHFLILF ERDUG DQG VRIWZDUH FDSDEOH RI FRQYHUWLQJ LQIRUPDWLRQ
UHFRUGHGE\ WKH VHQVRU WR YLVXDO DQGQXPHULFDO LQIRUPDWLRQRQ WRRWK FRQWDFW)RU WKH7HNVFDQ V\VWHP WR IXQFWLRQ
SURSHUO\FRPSXWHUV\VWHPPXVWPHHWRUH[FHHGVSHFLILHGV\VWHPUHTXLUHPHQWV 7KH7HNVFDQ86%KDQGOHGRHVQRW
UHTXLUH DQ DGGLWLRQDO LQWHUIDFH FDUG RU SDUDOOHO ER[ LQ RUGHU WR EH FRQQHFWHG WR FRPSXWHU :KHQ LQVHUWHG LQWR
FRPSXWHUWKHFRPSXWHU¶VRSHUDWLQJV\VWHPZLOODXWRPDWLFDOO\GHWHFWDQGFRQILJXUHWKHKDUGZDUHIRU XVH 7KH76FDQ
,,, VHQVRU ILJ LV DQ XOWUDWKLQ   PP IOH[LEOH SULQWHG FLUFXLW WKDW GHWHFWV WKH SDWLHQW¶V RFFOXVDO
SDUDPHWHUV 7KHVH VHQVRUV DUHPDGH XS RI  DFWLYH SUHVVXUH VHQVLQJ ORFDWLRQV IRU WKH ODUJH VHQVRU DQG 
SUHVVXUH VHQVLQJ ORFDWLRQV IRU WKH VPDOO VHQVRU 7KHVH VHQVLQJ ORFDWLRQV DUH UHIHUUHG WR DV µVHQVLQJ HOHPHQWV¶ RU
µVHQVHOV¶7KHµVHQVHOV¶DUHDUUDQJHGLQURZVDQGFROXPQVRQWKHVHQVRU >@
)LJ7KHWKUHHPRGHOVPRXQWHGLQWKUHHNLQGVRIDUWLFXODWRUV
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)LJ7KH76FDQ,,,VHQVRUKDQGSLHFHFRQQHFWHGWRWKHFRPSXWHU
7KHVXEMHFWELWHVGRZQVOLJKWO\RQ WKH IRLO IRU  VHFRQGVDQG WKHQVORZO\RSHQV WKHGHQWDODUFKHV ILJ7KH
DUWLFXODWRUXSSHUDUPZDVFORVHGRQWKHIRLOXQGHUVOLJKWO\SUHVVXUHDOVRILJ7RYDOLGDWHWKHUHSURGXFLELOLW\RIWKH
ILUVWRFFOXVDOFRQWDFWZHSHUIRUPHGWKUHHUHFRUGVIRUHDFKVLWXDWLRQ
)LJ7KH 76FDQ,,,KDQGSLHFHDOLJQHGIRUWKH LQWUDRUDO RFFOXVDOUHFRUG
)LJ 7KH 76FDQ,,,KDQGSLHFHDOLJQHGIRUWKHRFFOXVDOUHFRUG LQWKHQRQDUFRQDUWLFXODWRU
 5HVXOWV
7KHILQGLQJVRIWKLVVWXG\VKRZHGWKDW WKHUHDUHFOHDUGLIIHUHQFHVEHWZHHQWKHILUVWRFFOXVDOFRQWDFWRFFXUUHGLQ
WKHVLPSOHKLQJHD[LVRFFOXGDWRUDQGWKHRWKHUVREVHUYHGLQWKHVHPLDGMXVWDEOHDUWLFXODWRUV ILJ DEFDQGG
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D E F G
)LJ'LVSOD\RIWKH UHFRUGLQJVRIWKHILUVWRFFOXVDOFRQWDFWRQWKHFRPSXWHUVFUHHQIRUSDWLHQWDRFOXGDWRUEDUFRQDUWLFXODWRUFDQGQRQ
DUFRQDUWLFXODWRUG
$OVRHYHQLIDUHQRWWKHVDPHWKHRFFOXVDOFRQWDFWV LQYLYR DUHFORVHORFDWLRQVWRWKRVHORFDWHGRQWKHPRGHOVRI
VHPLDGMXVWDEOHDUWLFXODWRUV ILJ +RZHYHUWKHQRQDUFRQDUWLFXODWRUVHHPVWRGXSOLFDWHZLWKPRUHDFFXUDF\WKH
SDWLHQWVLWXDWLRQ
)LJ7KHILUVWRFFOXVDOFRQWDFWORFDWLRQVRFFXUUHGLQWKHPDQGLEXODUDUFRIFORVXUHLQ SDWLHQWQRQDUFRQDUWLFXODWRUDQGDUFRQDUWLFXODWRU
 'LVFXVVLRQV
7KH UHVXOWV RI WKLV VWXG\ FRQILUP WKRVH DYDLODEOH LQ WKH GHQWDO OLWHUDWXUH VXVWDLQLQJ WKDW WKH VHPL DGMXVWDEOH
DUWLFXODWRU LVDQDSSURSULDWHGHYLFH WR VLPXODWHERWK WKH VWDWLFDQGG\QDPLFFUDQLRPDQGLEXODU UHODWLRQV >@
7KHUHDUHIHZGDWDDERXWVLPLODUDSSURDFKHV(DUO\VWXGLHVLQWKLVGLUHFWLRQZHUHPDGHXVLQJGLJLWDORFFOXVDOVHQVRUV
>@RURFFOXVDOPDUNHUV >@6RPHYHUVLRQVRI WKH76FDQ V\VWHPZDVXVHGE\VRPH LQYHVWLJDWRUVDVDQ
DWWHPSWWRORFDWHWKHILUVWRFFOXVDOFRQWDFWRFFXUUHQFH >@7KHG\QDPLFUHFRUGLQJDQGYLGHR
GLVSOD\RIWKH76FDQ,,,VRIWZDUHXVHGLQWKHSUHVHQWHGVWXG\DOORZIRUDPRUHH[DFWORFDWLRQRIWKHILUVWRFFOXVDO
FRQWDFW
7KH GLIIHUHQFHV LQ WKH ILUVW RFFOXVDO FRQWDFW RFFXUUHG LQ PRXWK DQG WKRVH REVHUYHG LQ WKH VHPL DGMXVWDEOH
DUWLFXODWRUV FDQ EH GXH WR WKH ZD\ WKH RSHUDWRU SHUIRUPV WKH IDFHERZ UHFRUGLQJV DQG IXUWKHU VWXGLHV KDYH WR EH
SHUIRUPHGWRFRPSDUHWKHGDWDREWDLQHGIURPLQGHSHQGHQWRSHUDWRUV2WKHUZLVHLWFRXOGEHREVHUYHGDVPDOO VDJLWWDO
GLIIHUHQFHEHWZHHQWKHILUVWRFFOXVDOFRQWDFWIRXQGLQWKHWZRVHPLDGMXVWDEOHDUWLFXODWRUV7KRXJKWKLVGLIIHUHQFHLVD
PLQLPDORQHLVLQWHUHVWLQJWRQRWLFHWKDWWKHILUVWFRQWDFWORFDWLRQLQWKHQRQDUFRQDUWLFXODWRULVFORVHUWRWKHSDWLHQW
VLWXDWLRQ$OWKRXJK WKHQRQDUFRQDUWLFXODWRU IDFHERZ LVDQDUELWUDU\RQHDFFRUGLQJO\PRXQWHG LW FDQDFFXUDWHO\
UHSURGXFHWKHDQDWRPLFDOVLWXDWLRQRIWKHKLQJHD[LV7KHDUFRQDUWLFXODWRUIDFHERZKDVDVOLJKWO\SRVWHULRUORFDWLRQ
SRVLWLRQIRUWKHFRQG\OHVIURPWKHSDWLHQWORFDWLRQ
 &RQFOXVLRQV
,QWKHOLPLWVRIWKLVVWXG\ZHFRQFOXGHGWKDW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E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